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Abstract—In view of noteworthy communications 
performance improvements for future B5G/6G (such as cognitive 
Internet of Things, space-ground integration network and so on), 
cooperative communications (CC) diversity with relays selection 
algorithms have been extensively studied to significantly improve 
communications quality, but so far there is still a lot of potential 
optimization work with CC schemes. In this paper, in the light of 
NP-hard problem of subsets relays selection, further studies for 
theorems of relays subsets with K-layers power allocation 
standard have been put forward to explore better performance in 
B5G/6G cognitive IoT (Internet of Things) networks, we propose 
unified layers-based optimized mobile relays subsets algorithms 
for full-duplex (FD) non-orthogonal multiple access (NOMA) to 
greatly improve transmission rate. After revealing and taking into 
account fundamental properties of relays, such as mobile relays 
nodes state, relays locations, fading characteristics and so on, 
optimized FD-NOMA algorithm based on these relays features 
has been presented to improve transmission validity, and a related 
series of relays subsets theorems have been derived and proved, 
then minimum upper bound of maximum transmission rates has 
been estimated to reveal two-way balanced optimal transmission 
conclusion for FD-NOMA. In general, proposed general and 
optimized algorithm can be used in multiple future cooperative 
communications scenarios in B5G/6G networks such as cognitive 
IoT. Simulations results show that proposed scheme has several 
times transmission rates than other classical relays selection 
algorithms.  
 
 
Index Terms—B5G/6G, full-duplex NOMA, relays subsets, 
optimized power allocation 
 
I. INTRODUCTION 
ith rapid development of wireless communications, 5G 
communications standard has been gradually established 
and 5G phase 2 is defined recently, key technologies of 
B5G and 6G have been further studied to improve mobile 
communications quality [1-4]. Full-duplex (FD) cooperative 
communications (CC) technology is widely investigated in 5G 
mobile communications, and FDCC is regarded as critical core 
technique for B5G and 6G, such as in, cognitive Internet of 
Things (IoT) networks, UAV communications, Satellite and 
 
. 
Terrestrial CC transmission and etc [5-10]. Besides, although 
there is self interference in FDCC systems, FDCC 
communications have been paid more attentions because of its 
reality, as it theoretically can double performance relative to 
half-duplex (HD). 
Currently, FDCC is widely used in all sorts of 5G/B5G 
communication systems and scenarios. [10] improves the 
interoperability between licensed and unlicensed access by 
leveraging learning-based clustering with cooperative small 
base stations. [11] considers two novel cooperative models for 
device-to-device FDCC to leverage channel diversity and 
improve transmission rate. Furthermore, [12] reviews 
multi-satellite cooperative systems with virtual multiple-input 
multiple-output (MIMO) in 5G multi-satellite systems. In order 
to improve system throughput, [13] studies FD relay-assisted 
device to device communication in 5G millimeter wave 
networks.  
Moreover, for improving spectrum efficiency further, FDCC 
with 5G NOMA transmission have been focused significantly 
in 5G/B5G networks. [14] presents dedicated FD relay that is 
shared by source and destination to investigate ergodic sum 
capacity, outage probability and outage sum capacity in 
FD-NOMA. [15] maximizes end-to-end performance of 
FD-NOMA cooperative networks with low complexity 
algorithm. [16] investigates multi-antenna cooperative relays 
with FD-NOMA to maximize end-to-end performance under 
power control of source constraints. [17] proposes 
opportunistic FD-NOMA and cooperative FD-NOMA to 
achieve larger stable throughput region than OMA. Hence, it is 
meaningful to explore FD-NOMA with CC and improve 
communication networks quality of service in future B5G/6G. 
On the other hand, FDCC relays algorithms are the most 
important issues in communication systems, as number of 
cooperative relays also provides diversity gains for increasing 
effectiveness and reliability like MIMO multi-antennas 
diversity, but performance of device-to-device communication 
with MIMO is limited by positions of transmitter and receiver, 
hence it is meaningful to consider cooperative relays 
algorithmic problems. So far, there are many relays selection 
algorithms in different CC scenarios, such as, best relay 
selection, N-th best relay selection, partial relays selection, 
buffer relays selection, and relays subsets selection [18-20]. 
Furthermore, in order to notably improve communications 
quality, relays subsets algorithms have been regards as one of 
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most advanced and optimized issues, although relays subsets 
schemes are very challenging NP (Non-deterministic 
Polynomial) hard problem [21-27]. [21] proposes fair power 
allocation of relays subset selection schemes in generic noise 
and interference to reduce CSI signaling overhead. [22] 
considers optimal threshold of cooperative relays subsets 
systems and power allocation algorithm to maximum capacity 
of decode and forward (DF) relays systems.  [23] puts forward 
low-complexity sub-optimal relays subsets selection algorithm 
with corresponding beamforming weights under constraints of 
individual relay power, so that signal-to-noise ratio will be 
maximized at the receiver. Focusing on problem of 
energy-efficient and low signaling overhead, [24] proposes 
proactive relays subsets selection under maximum transmission 
power constraint to maximize energy efficiency of 
system.Furthermore, [25] considers semi-distributed relays 
subsets selection and power allocations to minimize outage 
probability (OP) at the receiver. [26] investigates 
power-domain FD-NOMA relays subsets schemes based on 
channel state information (CSI) to achieve higher spectrum 
efficiency with low computational complexity.  
Stated thus, despite of some solutions for this difficult 
NP-hard problem, however, there are no complete series of 
relays subsets theorems for comprehensive considerations of 
multiple characteristics of relays with non-definition. Hence, it 
is very meaningful to explore more efficient relays subsets 
algorithms and theorems for optimizing communications 
quality in future CC B5G/6G networks. 
 
Problems for discussions above: 
  1) Performance optimization for FDCC. Compared to HDCC, 
FDCC is a more practice transmission systems and FD 
self-interference could not be ignored, because greater 
interference for FDCC will lead to lower performance. Hence, 
it is a critical problem that how to efficiently overcome 
interference and noise in FDCC systems, and further apply FD 
technique to realize Internet of Everything in various B5G/6G 
networks.   
2) Consideration of more reality communication scenarios. 
Currently, classical relays selection algorithms have been 
investigated as fixed relay stations, and selection schemes are 
more considered in block fading channels. Thus novel proposed 
relays selection algorithms should be applied in more real 
communication scenarios and it is necessary to design more 
flexible selection schemes, such as mobile relays selection. 
3) Limitation of classical selection algorithms. Traditionally 
relays schemes are selected after just taking into account of 
path estimation between transmitter and receiver, but 
characteristics of relays should be comprehensively considered 
such as fading channels between nodes, relays locations, 
allocated power and so on, and synthesis selection algorithm 
should be proposed to give consideration for above relays 
features. 
4) Challenging NP-hard relays subsets problem. From 
discussion of [21-26], although relays subsets schemes can 
significantly improve communication performance, subsets 
selection is NP-hard problem that optimized solutions always 
cannot be obtained, in light of difficulty of selection, high 
computation complexity of exhaustive computation, 
one-sidedness of selection for relays subsets, current typical 
algorithm are simplified and semi-definite, hence exploring 
comprehensive selection scheme after considering all respects 
of relays that are discussed above is urgent. 
 
Main contributions: 
·Channel Capacity improvement. Aim at improving channel 
capacity of classical relays selection, we propose 
layers-based optimized relays subsets optimized and 
sub-optimized algorithms for FDCC in B5G cognitive IoT 
networks, in order to efficiently overcome FD 
self-interference and apply FD technique, proposed 
algorithm has been investigated to maximum 
device-to-device transmission rate under constraint of fixed 
total power for cooperative relays. 
· Application in Mobile relays communication. Proposed 
FDCC relays subsets algorithm could be applied in mobile 
relays communication scenarios (when mobile relays 
remains static, mobile relays turn into fixed relays), and 
proposed algorithm could be re-adjusted for different 
time-slots to achieve higher transmission rate in dynamic 
networks. Based on this, this paper reveals two-way 
optimized transmission phenomenon in FDCC for 
transceivers of secondary users (SUs) with fixed power, and 
corresponding power allocation algorithm has been derived.     
·Reveal and consideration of fundamental characteristics of 
relays. Owing to multiple features of relays, this paper 
presents layers algorithm based on relays characteristics, so 
that relays subsets selection problem would be considered 
synthetically, then generalized subsets selection algorithm 
are put forward to optimize communication performance. 
·Further relays subsets schemes and theorems are proposed. 
On the basis of relays subsets discussed above, after 
comprehensively considering features of relays, unlike 
simple selection and semi-definition, proposed algorithm 
firstly implements orders of relays according to channels 
capacity of every single relay, then divides alternative relays 
to form selected optimized and sub-optimized subsets. 
Compared with [21-27], based on constant total CC power 
allocation for uncertainty number of relays subsets, proposed 
layer-based scheme presents better power allocation process 
to maximum device-to-device rate with optimized and 
sub-optimized relays selection, and reveals that there are 
multiple relays subsets solutions for various relays 
characteristics. Furthermore, combined with Lemma 4-5, it 
is proof that allocation powers of layer-based are available 
and could be found with proportional computation, and 
Lemma 6 proofs that even with maximum rate for single 
relay, when corresponding power increases, this single relay 
may not provide maximal rate, hence it is necessary to select 
variant relays subsets in different time-slots to efficiently 
overcome flaws of certain selection with adjusted relays 
subsets. Besides, unlike [14], this paper proposes to directly 
separate NOMA signals and eliminate irrelevant interference 
in CC, then Signal to Interference and Noise Ratio (SINR) of 
NOMA for different transceivers would be maximized. 
 
II. PROPOSED SYSTEM MODEL 
We consider FD-NOMA in B5G/6G Cognitive IoT networks 
in different time-slots, shown as in Fig.1 and Fig.2, FD-NOMA 
system contains one SU (ST) sender, two destinations D1 and D2, 
N total mobile relays { }NR ( 1 2{ } ( , ,... )N NR R R R ) 
(alternative 
relays: circles, unselected relays: crosses), and one primary 
receiver (PR) (As in [27], authors have studied effect of PR, 
hence in this paper, we do not set threshold of PR repeatedly, 
and this would not affect proposed relays subsets). SU and D1, 
D2 communicate with FDCC in cognitive underlay networks, 
the ST, D1, D2 and relays are FD with two antennas, ST, D1 and 
D2 transmits signals to CC relays, then relays forward relative 
signals to destinations, because of subsets algorithms discussed 
in this paper, hence fading channels are subject to independent 
identically distributed (i.i.d.) Rayleigh fading, assume channel 
coefficients of links for ->T kS R , 1-> kD R and 2 -> kD R are defined 
as
kSTR
h ,
1 kD R
h and 
2 kD R
h . 
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Fig.1 FD-NOMA system in cognitive IoT networks for timeslot 1 
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Fig.2 FD-NOMA system in cognitive IoT networks for timeslot 2 
 
In Fig.1 and Fig.2, we assume total mobile relays subsets are
{ }NR , alternative relays subsets are { }AR with A relays, 
unselected relays subsets are { }QR with Q relays, relays of CC 
are given by 
*{ } { } { }, , 0, 1N A QR R R N N N Q A                    (1) 
We assume { }iNR ,{ }
i
AR and { }
i
QR are relays subsets in timeslot 
i, for total T timeslots, then relays are given by  
1 1
{ } ({ } { })
T T
i i i
N A Q
i i
R R R
 
                                (2) 
As in this paper, we consider mobile relays subsets algorithm 
with instantaneous fading like [28, 29] and relays states are 
independent are irrelevant, hence (2) could turn into (1) and (1) 
is regards as representative subsets in any timeslot. We assume 
ST, D1 and D2 transmit signals x[n], yD1[n] and yD2[n] to relays, 
and these signals are given by 
11 12[ ] [ ] 1 [ ]x n x n x n                           
 (3) 
1 21
[ ] [ ]Dy n x n                                    
(4) 
2 22
[ ] 1 [ ]Dy n x n                                 
(5) 
We assume power values are respectively PST, PRk, PD1 and 
PD2 for ST, relay Rk, D1 and D2, 
k kR R
h is self interference of Rk, 
kR
n is additive white Gaussian noise (AWGN) of Rk, then for 
first transmission, received signals of Rk in any timeslot from ST, 
D1 and D2 are given by 
[ ] [ 1] [ 1]
k k k k k k kST R ST STR R R R R R
y n P h x n P h x n n     
               
 (6) 
1 1 1 1
[ ] [ 1] [ 1]
k k k k k k kD R D D R D R R R R R
y n P h y n P h x n n     
            
 (7) 
2 2 2 2
[ ] [ 1] [ 1]
k k k k k k kD R D D R D R R R R R
y n P h y n P h x n n                  (8) 
For relay Rk, total received signals are given by 
1 1 1
2 2 2
[ ] [ 1] [ 1]
[ 1] [ 1]
k k k
k k k k k k
R ST STR D D R D
D D R D R R R R R
y n P h x n P h y n
P h y n P h x n n
    
               
 (9) 
Further,
1 1
,STST D Dh h and 2 2D Dh are self-interferences of ST, D1 
and D2, 
1 2
,D Dn n and STn are AWGNs of D1, D2  and ST, for 
secondary transmission, received signals of D1, D2  and ST are 
given by  
1 1 1 1 1 1 1
[ ] [ 1] [ 1]
k k k kR D R R D R D D D D D
y n P h y n P h x n n               (10) 
2 2 2 2 2 2 2
[ ] [ 1] [ 1]
k k k kR D R R D R D D D D D
y n P h y n P h x n n     
      
 (11) 
[ ] [ 1] [ 1]
k k k kR ST R R ST R ST STST ST ST
y n P h y n P h x n n             (12) 
Shown as Fig.3, unlike [14]，FD-NOMA signals have been 
separated gradually and successively transmitted to different 
destinations, but this paper considers comprehensively 
separating FD-NOMA signals in mobile CC relays with edge 
computing, and relays forward separated and different signals 
at the same time, so that redundant interferences and noises 
could be eliminated previously and irrelevant SINR of signals 
would be maximized at the receivers, hence this method will 
substantially improve transmission rates, compared with 
traditional FD-NOMA signals separation. 
 
Receive/transmit 
signals
Separate NOMA 
signals 
Forward signals to 
relative destinations
Fig.3 FD-NOMA signals separation for mobile CC relays with edge computing 
 
For  AR in (1), substituting (3-5) into (6-12) for first and 
second transmission, we get total received signals [ ]
kR
y n for Rk 
as 
1 1 2 2
11 12
21 22
[ ] ( [ 1] 1 [ 1])
( [ 1]) ( 1 [ 1])
k k
k k
R ST STR
D D R D D R
y n P h x n x n
P h x n P h x n
 
 
     
          
(13) 
Further after separating FD-NOMA signals at the same time 
and senders of SUs can identify own signals, received signals of 
device-to-device for
1->ST D , 2->ST D and 1 2, ->D D ST can be 
expressed as 
 

1 1
2 2
1 1 1 1
11
22
int er int erference int erference
[ ] ( ( [ 1]
1 [ 1]) [ 1] )
[
k k k
k A
k k k k k k
ST D R R D ST STR
R R
desired signal
D D R R R R R R
noiseNOMA self loop
D D D D
y n P h P h x n
P h x n P h x n n
P h x n




 
   
  
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 
1
int erference
1] D
noiseself loop
n
 
 

     (14) 
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
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int er int erference int erference
[ ] ( ( 1 [ 1]
[ 1]) [ 1] )
k k k
k A
k k k k k k
ST D R R D ST STR
R R
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
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 
2
int erference
[ 1] D
noiseself loop
n n
 
 

 (15) 
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int erference
[ ] ( ( [ 1]
1 [ 1]) [ 1] )
[ 1]
k k k
k A
k k k k k k
D D ST R R ST D D R
R R
desired signal
D D R R R R R R
noisedesired signal self loop
ST STST ST
sel
y n P h P h x n
P h x n P h x n n
P h x n




 
   
  
     

 
 

int erference
ST
noisef loop
n
 


   (16) 
III. LAYERS-BASED RELAYS SUBSETS ALGORITHM 
A. Assumption of Layers-based for relays characteristics with 
K-layers standard 
Aiming at relays characteristics discussed from problems 
and main contributions, we propose constant parameter-K 
standard to transform challenging NP-hard problem to 
changing restricted standard for features of relays with power 
allocation, such as, fading feature in (cognitive IoT networks, 
space-ground integration network and metropolitan area 
networks), location-based feature (mobile relays locations, area 
of densely relays and power allocation in cellular networks) and 
properties of relays (validity of receiving and forwarding, delay 
time for CC and mobile states). Then we consider providing 
optimized and sub-optimized power allocation algorithms for 
relays subsets, to better maximize communication quality 
under constraints of optimal power allocation than [21-26], and 
overcome problems of extra computation complexity and 
difficult selection. 
 
Reverse calculation 
and relays sorting 
based on maximal 
channels capacity
Set K-value for 
comprehensive 
relays standard 
Relays search and 
partition  based on 
Lemma 1-Lemma 5
Implement 
computation for 
Pcons
Finite search for 
optimized and sub-
optimized relays 
subsets  
Fig.4 Framework flow of Layers-based relays subsets algorithm 
B. Layers-based relays subsets algorithm 
Definition 1 (Reverse calculation and sorting based on channels 
capacity) Shown in Fig.4, we propose series of Lammas to 
present framework flow of layers-based relays subsets 
algorithm. According to relays features, we divide relays { }R
with τ relays in{ }AR into ln ( 2n  ) layers and have 
1
{ } { } { }
i
n
l A
i
R R R

 
                            
(17) 
ST
Ri
DiC(Qi)
 
Fig.5 Channel capacity calculation for relay Ri 
We assume
1
{ }
i
n
i l
i
R R

 , for first transmission, ST sends 
signals to CC relays
1
{ }
i
n
l
i
R

 , and calculates channels capacity 
respectively in Fig.5 according to 
2
1
log (1 )
2 i
RC                               (18) 
Then corresponding power values are expressed as 
(Q1,Q2,…,Qτ), we assume constant power value Ccons, according 
from  
1 2( ) ( ) ...... ( )consC C Q C Q C Q                     
 (19) 
As better relay with lower power, in (19) rearranging 
(Q1,Q2,…,Qτ) from small value to big value as 1 2( , ,......, )Q Q Q
   , 
where 
1 2 ......Q Q Q  
  
                             
(20) 
Corresponding priorities of relays are represented as
1 2( , ,......, )R R R
   , we have
 
1 2
1
{ } ( , ,......, ) { }
i
n
l
i
R R R R R 

     
                    
(21) 
 
Lemma 1 (Optimized relays subsets based on consecutive 
priorities of relays) For rearranged and alternative relays subset
{ }AR
 , we assume { }R ( { } { }AR R   ) and total power of CC 
relays is 
ToQ , if number of relays is 1, under same constraints of 
instantaneous fading and CC transmission, for relay iR
 with 
power iQ
 in { }R , we have permutation of channel capacity 
( )
i
i R
C Q 
 for relay iR as 
 1 2
1 2( ) ( ) ...... ( )R R RC Q C Q C Q 
      
                
(22) 
Proof: When number of relays is 1, in { }R
 power of each relay 
is ToQ . Combined with definition 1 and 1 2 ......ToQ Q Q Q   
   , 
because relays with lower priority can obtain same 
transmission rates under constraint of ToQ , hence we get larger 
transmission rate with lower priority for same relay power, 
conclusion is obvious valid.  
 
Corollary 1 On the basis of Lemma 1, when number of selected 
consecutive relays is greater than 1, we assume number is 
expressed as Num and consecutive relays subset is { }NumR

({ } { }NumR R
  ), where 
( ) ( ){ }i NumR 
 = 1 1( , ,......, )i i i NumR R R                          (23) 
Similar to Lemma 1, when total power of CC relays are same, 
transmission rate with relays for lower initial priority is larger 
than it for relays with higher initial priority, we have 
(1) ( ) ( 2) ( ) ( ) ( ) ( 1) ( ){ } { } { } { }
... ...
Num Num i Num Num NumR R R R
C C C C
     
       
         
(24) 
Proof: With mathematical induction, when Num=1, 
proposition could be transformed to Lemma 1, we have 
( ) (1) ( 1) (1){ } { }i iR R
C C
  
 
                            
(25) 
When Num=N, we assume  
(1) ( ) ( 2) ( ) ( ) ( ) ( 1) ( ){ } { } { } { }
... ...
Num Num i Num Num NumR R R R
C C C C
     
       
       
(26) 
Further we could obtain 
( ) ( ) ( 1) ( ){ } { }i Num i NumR R
C C
  
 
                          
(27) 
Then when Num=N+1, we transform equations as follows 
( ) ( 1) ( 1) ( 1) ( 1) ( ){ } { } = { }i Num i i Num i Num i i NumR R R R R R          
     
             
(28) 
Additionally, we transform as 
 
( 1) ( 1) 1 ( 2) ( 1) 1 ( 1) ( ) 1{ } { } { }i Num i i Num i Num i Num i NumR R R R R R                
     
             
(29) 
Combined with (23)-(25), for Num=1 and Num=N, we have 
1i i NumR R
C C
 
 
                              
(30) 
Utilizing (26)-(29), for Num=N+1, we have 
( ) ( 1) ( 1) ( 1){ } { }i Num i NumR R
C C
    
 
                         
(31) 
Using recursive relation, (31) could be expanded as 
(1) ( ) ( 2) ( ) ( ) ( ) ( 1) ( ){ } { } { } { }
... ...
Num Num i Num Num NumR R R R
C C C C
     
       
     
(32) 
Lemma 2 (Optimized transmission rate for FD-NOMA with 
relays subsets) For selected relays subset { }R from alternative
{ }AR , in some timeslot transmission rate based on relays 
subsets is expressed as (37) 
Proof: Combined with (18), [Eq.(3)-Eq.(6),30] and [Eq.(6a) 
and Eq. (6b), 31], device-to-device SINR based on relays 
subsets{ }R for ST with D1, D2 is expressed as 
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With (17) and (18), transmission rate based on subset { }R is 
given by 
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Combined with (14)-(16) and irrelevant noise elimination in 
Fig.4, in (37) device-to-device SINR can be given by 
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Lemma 3 (Two-way optimized transmission phenomenon in 
FDCC with fixed power) In views of Lemma 2, when power of 
ST, D1 and D2 satisfy (48) and (53) for FDCC, maximum value 
of least upper bound of transmission rate is given by (54). 
Proof: With (33) and (34), for selected subset{ }R , when power 
of CC relays is
ToQ , SINR is relatively high, we have 
approximate evaluation expressions for minimization of 
device-to-device SINR as [28, 29] 
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Taking (42) and (43) into (37), we have 
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(44) 
Now we evaluate limit of (44) with fixed CC power as 
{ } { } { }inf( ) sup(max( ))R R RC C C                       (45) 
In (45), left side of inequality is scaled as 
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    Maximum lower bound of (46) is derived, if and only if 
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(48) 
  On the other hand, in (45) right side of inequality is scaled as 
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  Considering multiple varying parameters in (47) and (49), if 
sign of inequality turns into sign of inequality, (49) should 
satisfy (47), furthermore, in order to obtain maximum value of 
least upper bound, we should seek solution for 
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  Simplifying (50) as 
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  In (51), equal sign holds if and only if 
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  Further we simplify (52) as  
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  Hence, maximum value of least upper bound is given by 
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(54) 
Lemma 4 (Power allocation of layers-based relays subsets and 
constant Pcons approximation) With Definition 1 and Lemma 1-3, 
for selected subset { }R
 in alternative subset { }AR , we divide 
relays into ln layers as 
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(55) 
Then power allocation of optimized and sub-optimized 
relays subsets with proportional constant parameter K could be 
found, and corresponding transmission rate for rearrangement 
relays subset *{ }R
 is given by (69). 
Proof: We assume total power of CC relays are ToQ
 , for ln layers, 
corresponding power values are expressed as  
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(56) 
In order to fast select relays with lower computation 
complexity under K divided standard, we assume relay iR
 with 
corresponding power ii consQ P K
 in relays layers, then for τ 
relays, we have 
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Layers subsets are given by 
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Hence, power boundary of relays in li-th layer should satisfy 
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Combined with Lemma 1-3, when number of optimized 
relays subsets is * , according to (57)-(59), we form novel 
optimized subsets as 
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With selected relays from (59), (60) can be re-expressed as 
 
*
*
1
k
k
R R




                               
(61) 
where power of 
iR  
is expressed as
iQ . 
In next step, we prove existence of Pcons and compute it. With 
help of (55)-(61) and  
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Corresponding relays are re-expressed as  
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where power of
iR is expressed as iQ , combined with (59), we 
have 
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We obtain solution from (64) as  
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Here we prove Pcons is available, 
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  We obtain solution from (67) and have  
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  Now we obtain integer solution from subset  *R in (65) as 
*log ,ii K i
cons
Q
l l N
P

 

                          
(69) 
  Proof has been finished completely. 
  Combined with (54), (61) and (66), we obtain optimized 
transmission rate with K-layers based relays subset as 
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Lemma 5 (α value for FD-NOMA) For FD-NOMA, with help 
of (72), we consider maximum transmission rate for
*{ }R
C

, then 
we should have
 *
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C

. 
Proof: Because we eliminate irrelevant interference and noise 
for CC relays to improve transmission rate, hence we could 
obtain optimized
*{ }R
C

with variable α, and we could obtain 
optimized solution α from
 *
arg max
R
C

.   
 
Lemma 6 (Necessity of subsets selection for FD-NOMA) This 
Lemma reveals necessity of subsets selection, traditionally we 
consider assigning larger power for relay that can provide 
higher rate, but in FD-NOMA, because of excessive 
interferences and noise, hence here we prove that multiple 
relays with rational power allocation would provide higher 
SINR than single relay. (This Lemma can be widely used for 
determination and selection of multiple relays) 
Proof: For FD-NOMA, in (14) if α=1, we transform general 
solution into special solution, and relays subset { }R has turned 
to be one single relay Rk (1 k A  ), for single relay we have 
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We assume Rk has best SINR and
kR To
Q Q , in (73) as ( )
iR
C P is 
positively correlated to
1{ }ST R D
   , we have 1{ }( )iR ST R DC P    , 
taking a derivative with respect to (74) 
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Noticeably, numerator of (74) is function with
iR
P , further we 
derive (74) as 
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(75) 
In (75), when
iR
P increases, transmission rate improves. On 
the contrary, if left equation of (75) is less than 0, special 
phenomenon would happen-for same relay in FD-NOMA, if 
related interferences and noise are large, increasing power of 
relay would not improve transmission rate, hence select other 
relay to replace this single relay will increase rate. Based on this 
conclusion, we derive two relays selection for higher rate. We 
assume two relays R1 and R2 with
1 2 0
= =R RP P P , if  
1 1 2 1
( ) ( )R R R RC P C P                               (76) 
Then for 0 0ToQ P P   , we assume when 1 0 0 0( , )RP P P P   , 
we have 
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And when
2 0 0 0
( , )RP P P P   , we have  
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(78) 
Combined with (77) and (78), we should allocate more
0P to 
R2. And so on, when number of relays is larger than 2, we 
should seek better power allocation algorithm to improve rate. 
 
Algorithm 1 Layers-based relays subsets selection 
1 Input constant QST, variable QD1 and QD2 (QST + QD1+ 
QD2=constant); 
2 Input constant QCC for CC power, and allocate it to selected 
relays for Lemma 1-4; 
3 Adjust QST, QD1 and QD2 with Lemma 3; 
4 Compute optimized for better α rate. 
 
IV. PERFORMANCE ANALYSIS AND SIMULATIONS 
In this section, we simulate proposed layers-based optimized 
relays subsets algorithm in FD-NOMA, we assume
2 2
11 21 4x x  ,
2 2
12 22 2x x  ,
1 1 2 2
0.1
k kSTST R R D D D D
h h h h    and
1 2
20ST D DP P P dB   .In 
Fig.6-Fig.9, we assume 20NR  , 10AR  , 12ToQ dB ,
1
5DP dB , 2 5DP dB , as in each timeslot we select relay with 
best transmission rate from Fig.9, in first to fifth timeslots, we 
assume channel coefficients of best selection are respectively
1 2
1 1 10.5, 0.5 0.5
k k kSTR R D R D
h h and h     ,
1 2
2 2 20.55, 0.55 0.5
k k kSTR R D R D
h h and h     ,
1 2
3 3 30.6, 0.6 0.5
k k kSTR R D R D
h h and h     ,
1 2
4 4 40.7, 0.7 0.7
k k kSTR R D R D
h h and h     and
1 2
5 5 50.8, 0.8 0.8
k k kSTR R D R D
h h and h     , and when Layer=6, we 
assume under limiting conditions with
1 2
1
k k k
i i i
STR R D R Dh h h  
(at this time we evaluate maximum SINR in FD-NOMA), We 
consider consecutive priority relays selection and power 
allocation from Lemma 1 to Lemma 4, then allocate larger 
power for relay with lower priority and allocate lower power 
for relay with higher priority from Lemma 4, we calculate 
Pcons=12dB, and corresponding power are expressed as (64).       
Firstly, in Fig.6 and Fig.7, we simulate unidirectional SINR 
for ST to Di and Di to ST under constraints of fixed relays power
12ToQ dB , due to principle of power allocation lower priority 
relay with larger power, we observes that when number of 
layers increases (more relays are selected) SINR improve in 
each timeslot for both ST to Di and Di to ST, and when relays are 
selected with limiting condition, we could obtain maximum 
SINR. It shows that we could notably improve bidirectional 
transmission rates in FD-NOMA with proposed relays selection 
algorithm and different NOMA parameter α will also affect 
SINR. 
 
 
Fig.6 SINR for ST to Di versus layers with different α in FD-NOMA 
 
Fig.7 SINR for Di to ST versus layers with different α in FD-NOMA 
 
Besides, in Fig.8 and Fig.9 we compare minimum 
Device-to-Device transmission rates (DtoD rates) versus α with 
different layers for (18). We compute minimum DtoD rates 
with  
1 2
1 2
1 2
min( , )
ST D ST D
ST D ST D
ST D ST D
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 
 
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 


                    (79) 
In Fig.8, in conditional FD-NOMA, we find that when 
α=0.1-0.85, higher number of layers for same α will have larger 
rate, but when 0.4  , DtoD transmission rate will reduce, 
because in (79) as α changes,
2ST D
  decreases more quickly 
than
1ST D
  increases, hence rate reduces significantly. 
However, in Fig.9 based on Lemma 3, we adjust
1 2
,ST D DP P and P  from 1 2 20ST D DP P P dB   to obtain 
maximum lower bound of DtoD rate, this moment although α 
changes lead to rates decrease when α=0.1-0.4, on the whole 
larger layers will have better rates, because we adjust optimized 
power of FD sources, and relative to Fig.8, proposed 
layers-based optimized relays subsets algorithm remarkably 
have better rates, therefore, it concludes that optimized relays 
subsets selection and more rational power allocation of FD 
sources are both necessary, and optimized power allocation of 
FD sources can overcome problem of (75). 
 
Fig.8 Minimum DtoD rates α with different layers 
 
Fig.9 Minimum DtoD rates versus α with different layers for two-way 
optimized transmission rates with fixed power 
  Furthermore, in Fig.10 and Fig.11 we compare proposed 
algorithm with other classical relays selection algorithms when 
number of relays is 3, in order to better distinguish optimized 
rates among these schemes because of large numerical 
difference, we respectively simulate proposed algorithm in 
Fig.6 and other selection algorithms in Fig.10. For single best 
relay selection and partial relays selection, we assume
12ToQ dB , Similarly like Fig.8-9, for classical relays 
selection algorithms, although larger power of relays could 
improve unidirectional rates, irrational power allocation of FD 
sources will lead to decrease of DtoD rates from (18) and (79), 
in Fig.10 and Fig.11, with regard to single best relay selection, 
other cooperative relays selection algorithms will have better 
DtoD rates because more relays with same power allocation 
jointly communicate. For other relays subsets selection, partial 
relays selection, in [23] relays subset is combined with best 
relay and partial best relay selection, just only two relays are 
selected, and power allocation work has not been done, hence it 
has lowest DtoD rates. For subset in [24] and [25], authors of 
the former average total power for each relay and select relays 
arbitrarily, authors of the latter consider local optimal relays 
selection with fixed power allocation. On one hand, these 
works are semidistributed relays selection, NP-hand problem 
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for CC has not been solved, on the other hand, these two works 
have not selected optimal relays and allocate power for them 
more rationally. However, in this paper, we propose K-layers 
standard to select relays with lower priorities and allocate 
power better in FD-NOMA, hence in Fig.10.and Fig.11 we can 
observe proposed scheme has prominently larger DtoD rates 
than other relays selection algorithms, for we consider selecting 
relays that can provide larger rates and re-allocate power. 
 
Fig.10 Minimum DtoD rates versus power of relays for classical relays 
selection algorithms 
 
Fig.11 Minimum DtoD rates versus power of relays for proposed relays subsets 
algorithm with layer=3 
  Lastly, we compute complexity of proposed schemes. We 
assume in (68) when number of  AR is A, number of layers is
* , for conditional relays selection we should compute 
*
!
( )!
A
A 
                             (80) 
When A=20 and * 5  , we should compute 186048 times, 
for other relays selection [23-25], we should compute 
*
* *
!
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A
A
C
A

 

                           
(81) 
When A=20 and * 5  , we should compute 15504 times. 
However, in this paper, when number of layers is different, 
shown as Fig.12 we should compute maximum times as 
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On the other hand, if we select relay from each layer and 
number of each layer is similar, hence shown as Fig.13 we 
should compute maximum times as 
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From Fig.12 and Fig.13, we observe that computation 
complexity is very low for proposed algorithm, and as number 
of layers increases, there is no significant increase of 
complexity.  
 
Fig.12 Computation complexity versus number of relays for maximum finite 
search 
 
Fig.13 Computation complexity versus number of relays for finite search with 
similar number of layers 
V. CONCLUSION 
In this paper, we propose FD-NOMA with layers-based 
optimized mobile relays subsets algorithm in B5G/6G 
cognitive IoT networks, Aiming at challenging NP-hard 
problem in CC, compared to other relays subsets algorithms 
and semi-distribution works in [21-26], we propose K-layers 
power allocation standard to transform NP-hard problem after 
considering relays characteristics synthetically, and flexibly 
select relays that can provide higher transmission rates under 
fixed power, then allocate power to these relays. Simulation 
results show that proposed scheme has several times 
transmission rates than other classical relays selection 
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algorithms, and very low computation complexity. At the same 
time, we reveal two-way optimized transmission phenomenon 
in FD-NOMA with fixed power of FD sources and can obtain 
maximum value of least upper bound. 
On the other hand, proposed mobile relays subsets algorithm 
is viewed as core technology and can be used to improve 
communications performance in multiple future B5G/6G 
communications scenarios, such as UAV communications, 
Satellite and Terrestrial CC transmission. Moreover, novel 
multiple relays subsets ideology has been proposed to fill CC 
theoretical blank in wireless communications.   
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